Abstract-It is well known that security analysis is a time-consuming and error-prone process. However, it can be improved or enhanced considerably by automated reasoning. Efforts to reduce the inaccuracy and incorrectness of analyses and to enhance the confidence levels of stock selection have led to the development of an intelligent decision support system called TradeExpert, which assists, not replaces, portfolio managers. TradeExpert assumes the role of a hypothetical securities analyst capable of analyzing stocks, calling market turns, and making recommendations. It has a knowledge base of stock trading expertise, and a case base of past episodes and consequences of decisions. By combining knowledge-based problem solving with case-based reasoning, TradeExpert demonstrates forms of intelligent behavior not yet observed in traditional decision support systems and expert systems. The novelty of this research lies in its application to analogical reasoning and knowledge-based decision making.
INTRODUCTION
Over 60% of the families in the United States have billions of dollars invested in mutual funds. Consequently portfolio managers are under tremendous pressure to make critical investment decisions in dynamically changing financial markets. Experts have been forecasting and trading financial markets for decades, using their knowledge and expertise in recognizing patterns and interpreting current financial data. This paper describes a knowledge based decision support system with the analogical reasoning capability to be used in financial forecasting and trading. In an attempt to maximize a portfolio's return and avoid costly losses, the portfolio manager must decide when to enter trades as well as when to exit and thus, must predict the duration as well as the direction of stock price movement. A portfolio manager is faced with a daunting information management task and voluminous amounts of rapidly changing data. It is simply an impossible task to manually and simultaneously follow many investment vehicles, stocks and market moves effectively.
In order to develop a decision support system with the capabilities of qualitative analysis, considerable progress has been made toward developing "knowledge-based decision support systems", sometimes known as expert systems. An expert system designed in the domain of security analysis is an intelligent decision support system whose behavior duplicates, in some sense, the ability of security analysts. Despite the impressive performance of expert systems, they have a number of inherent flaws, especially when operating in a dynamically changing environment. An expert system solves problems by taking input specifications and then "chaining" together an appropriate set of rules from the knowledge base to arrive at a solution. Given exactly the same problem situation, the system will go through the same amount of work to come up with a solution. In addition, traditional expert systems are "brittle" in the sense that they require substantial human intervention to compensate for even slight variations in descriptions, and break down easily when they reach the edge of their knowledge [9] .
In response to weaknesses associated with traditional decision support systems and expert systems, this paper presents a knowledge-based and case-based intelligent decision support system with fuzzy reasoning capabilities designed for assisting portfolio managers to make investment decisions based not only mathematical models, but also facts, knowledge, experiences, and prior episodes.
II. SYSTEM ARCHITECTURE
TradeExpert is a hybrid system that uses both quantitative and qualitative analysis to exploit changing market conditions and to grind through mountains of economic, technical and fundamental data on the market and on individual stocks. Furthermore, TradeExpert incorporates the mechanism of case-based reasoning which enables it to recall similar episodes from the past trading experience, and the consequences of that action. The goal, of course, is to ferret out patterns from which future price action can be deduced, to meaningfully assimilate vast quantities of information automatically, and to provide support intelligently for portfolio managers in a convenient, timely and cost-effective manner. The knowledge bases capture the knowledge of human securities analysts in the form of IfThen rules. In the design of TradeExpert, the knowledge base is divided into three separate knowledge bases: technical analysis knowledge base, fundamental analysis knowledge base and trend analysis knowledge base. TradeExpert can use any or all of these different but somewhat complementary methods for stock picking. For example it uses technical analysis for deciding entry and exit points, uses trend analysis for deciding the timing of a trade, and uses fundamental analysis for limiting its universe of possible stock to solid companies. As a justification of the expert system serving as a model of human thought processes, it is believed that a single rule corresponds to a unit of human knowledge. In the design of an intelligent decision support system, knowledge representation for human problem solving expertise is a critical and complex task. In what follows, the knowledge representation of stock analysis and selection in TradeExpert is described along with a rule frame as an example [8] . The key word INVESTMENT HORIZON designates the period of the investment: day trading, short term or long term. The key word INVESTMENT OBJECTIVES indicates the investment objective of the user, such as trading for profits, income, and capital appreciation. The key word REASONS provides justifications and explanations of how a rule arrives at a conclusion. The key word UNLESS excludes the stock even when the hypothesis(condition) part of a rule is satisfied. The key word CERTAINTY FACTOR contains a real number in the range of (0..1) measuring the strength of evidence in support of the rule's hypothesis. In order to invoke a rule, both the hypothesis part and the ASSUMPTION part must be met. Given a situation, investors may reach different conclusions and select different trading strategies based on different assumptions. Some examples are: "Can the Asian financial crisis be over in the next 12 months?", "Will the U.S. dollar be stronger or weaker over the next 3 months?", or "Will the FED cut interest rates at its next meeting?" Of course, different answers to these questions lead to different trading strategies. Since investing is a subjective process, TradeExpert allows the user to determine the future direction of financial markets and then select stocks accordingly. With a set of reasons associated with the conclusion of a rule, TradeExpert is able to justify its reasoning by providing evidence and rational of its conclusion in addition to a certainty factor.
TradeExpert assumes the role of a hypothetical securities analyst who makes a recommendation for a particular stock in terms of strong buy, buy, hold, sell and strong sell based on chart reading, fundamental analysis, investment climate, and historical performance. TradeExpert is designed and implemented based on principles consistent with those used by a securities analyst [4] . It is capable of reasoning, analyzing, explaining, and drawing inferences. In terms of system architecture, TradeExpert consists of the following major components: a user interface, databases, knowledge bases, a case base, a similarity evaluator, an explanation synthesizer, a working memory, and an inference engine. The user interface provides communication between the user and the system. Input data from the user to the system contains the parameters of a stock under consideration, such as Yield, Growth rate, P/E, Return on net worth, Industry sector, Profit margins, Shares outstanding, Estimated earning per share, Price to book ratio, Market capital, Five-year dividend growth rate, Fiveyear EPS growth rate, and Cash flow per share. If a stock being analyzed is already stored in the database, TradeExpert retrieves data and fills in the parameter fields on the input screen automatically. It makes reasoning processes more robust and accurate. The output from the system is a trading recommendation with a list of reasons justifying the conclusion. With human expertise in the knowledge base, past trading experience in the case base, and stock's data in the database, TradeExpert is capable of analyzing a stock, forecasting future price movements, and justifying the conclusion reached. The three different knowledge bases are discussed in details below.
A. Fundamental Analysis Knowledge Base
There are two models of investing: growth-oriented and value-based. Growth-oriented investing seeks companies that show consistent earnings and sales growth, usually 20% or more per annum for the past three to five years. These stocks usually carry a high PE and have a record of better-thanaverage earnings growth. They usually beat analyst estimates by a large percentage quarter after quarter. Acceleration in earning growth often indicates the future upward price movements of a stock. Value-based investing looks for bargains and gravitates to stocks with a low price/ratio(P/E) and a low price-to-book value. As a foundation of growthoriented and value-based investing, fundamental analysis relies on the following factors to make an evaluation: P/E, price-to-cash flow, market value-to-book, sales-to-price, debt ratios, yield, and projected earnings. It is a method of evaluating securities that attempts to measure intrinsic values by examining related economic, financial and other qualitative and quantitative factors. Fundamental analysis views the stock market as a relatively ordered system and each company is represented by factors such as financial ratios and performance measures, which are used to draw inferences. The rules in the fundamental analysis knowledge base are concerned with analysis of the company itself and deriving estimates of net worth per share, current assets, future earnings and dividends, and other related measures of value. The fundamental analysis rules attempt to estimate the future earning of a stock and therefore define a stock's true value. It performs analysis on industries or the economy as a whole. The term refers to the analysis of the economic well-being of a financial entity as opposed to its price movements, It does not pay attention to daily price movements and short term fluctuations. The investment horizon is often in the range of multiple years, not days and weeks. One of the rules in the fundamental knowledge base is listed below: Fundamental analysis is a technique that attempts to determine a security's value by focusing on underlying factors that affect a company's actual business and its future prospects. It believes that the intrinsic value of the stock eventually drives long-term stock prices. It looks at revenue, expenses, assets, liabilities and all the other financial aspects of a company to gain insight on a company's future performance and therefore, the stock's future price.
B. Technical Analysis Knowledge Base
Fundamental analysis tells us what stocks are capable of but does not tell us just how high or low stock prices will go or when they will peak or bottom out. Technical analysis works in opposite principle of the fundamental analysis [2] . The underlying philosophy for this approach is that market prices well reflect all known factors at all times. So the price is already a solid performance indicator as a result of the supply and demand for that particular stock. Therefore technical analysis evaluates solely on market prices themselves rather than on any fundamental factor outside the market. The rules in the technical analysis knowledge base are concerned with studies of supply and demand for a stock and statistics which are related to price and volume. Technical indicators are tools invented on concept of technical analysis. There are many kinds of technical indicators that have been developed to gain insight about the market behavior. Each of them may have different concept about when to buy and sell (trading signals). Some well-known and widely used technical indicators are listed below briefly. Moving Average (MA) is used to remove market noise and find the direction of prices. It is calculated by sum up the stock prices over n days divided by n. Relative Strength Index (RSI) compares the magnitude of the stock's recent gains to the recent losses then turns into the number ranged from 0 to 100. It compares the magnitude of recent gains to recent losses in an attempt to determine overbought and oversold conditions of an asset. It is calculated using the following formula: RSI = 100 -100/(1 + RS*), where RS = Average of x days' up closes / Average of x days' down closes. If RSI is less than 30, it shows an oversold market condition. Stochastic Oscillator (SO) is an oscillator that measures the relative position of the closing price within a past high-low range. Volatility Index(VIX) is derived from the prices of ALL near-term at-the-money call and out-of-the-money call and put options. It is a measure of fear and optimism among option writers and buyers. When a large number of traders become fearful, then the VIX rises. Conversely, when complacency reigns, the VIX falls. The VIX is sometimes used as a contrarian indicator and therefore can be used as a measurement of how oversold or overbought the market is. Usually it increases as the market decreases. Its usefulness is in showing when a trend reversal is about to take place.
One popular form of technical analysis is charting, in which the graphic display of past price performance, movingaverage trends, cycles, and intro or inter-day stock price ranges are studied in an attempt to discern cues for profitable trading. Stock price pattern analysis is the basis of the technical analysis of stocks. It relies on the interpretation of some typical configurations of the ups and downs of price movements like "head and shoulders", "top and bottom formations" or resistance lines. Stock price pattern analysis comes down to comparing known patterns with what is evolving on the chart. Charting makes use of techniques such as moving indices, trend analysis, turning-point indicators, cyclical spectral analysis, and the recognition of various formations or patterns in prices in order to forecast subsequent price behavior. Some examples of patterns are assigned names such as "flag", "triangle", "double bottom or top", "symmetrical triangles", and "head-and-shoulders". Technical analysis maintains that all information is reflected in the stock price. Trends 'are your friend' and sentiment changes predate and predict trend changes. Investors' emotional responses to price movements lead to recognizable price chart patterns. Technical analysis does not care what the 'value' of a stock is. Their price predictions are only extrapolations from historical price patterns. Like x-rays and brain scans are used to diagnose diseases and seismic data is used to exploit oil, technical analysis is used to help determine the behavior and future price movements of a stock. TradeExpert as well as investors can use technical analysis to buy stocks and sell stocks at the most advantageous and profitable prices.
C. Trend Analysis Knowledge Base
Instead of striving to predict a market direction, Trend analysis, also known as Momentum Trading, reacts to the market's movements whenever they occur [3] . It responds meticulously to what has recently happened and what is currently happening, rather than anticipating what will happen. Unlike the strategy "buy low and sell high" often employed in value-based investing, the trend analysis rules are based on a different approach: "buy high and sell higher." The basic rational behind this approach is based on the well known Wall Street statement: "go with the tape". That is, if you try to short a stock in an up trend, you will get killed. The same is true if you try to go long on a stock in a down trend. Since investing is an art not a science, a reasonable guess is that tomorrow will likely follow the trend established over the past few days. The stocks which have been strong relative to all other stocks should continue to be relatively stronger in the near future. Trend analysis rules reflect and implement this idea in TradeExpert. The rules in the trend analysis knowledge are designed and selected to recognize some short-term persistence in markets and to identify the stocks that may generate significant returns in a short period of time. Fortunes are made by those who recognize trends and ride them. In the period of 1997-1998, the internet sector was white hot. A company would have done much better if it could create a website than buying back its own stock to pop up its stock's price. The trend then was internet-related stocks. For example, the 400 plus percentage gain of Amazon and Yahoo, the gravity-defying internet stocks, was made in the first 10 months of 1998. These rules attempt to unearth stocks whose prices move far beyond any reasonable estimate of intrinsic value and often outperform the market index averages by a big margin in a short period of time.
In what follows, one formula used in trend analysis rules and momentum trading is presented [7] . It consists of a short-term moving average (MAS j ) and a long-term moving average (MAL k ) of past prices. The length j of MAS usually varies 
This type of representation facilitates a (graphical) comparison of the signal generation between moving average models and momentum models. Another way to express the basic trading rule is then: Hold a long position when MONTENTUM is positive, hold a short position when MONTENTUM is negative. The second type of model works with the relative difference (rate of change in %) between the current price and that i days ago:
The basic trading rule of momentum models is as follows [1] : Buy (go long) when the momentum M(i) turns from negative into positive and sell (go short) in the opposite case. Or equivalently: Hold a long position when M is positive, hold a short position when M is negative. The variables MONMENTUM(j,k) or M(i) are called "oscillators" because they fluctuate around zero. The basic trading rule of moving average models and momentum models is trend-following since MONMENTUM(j,k) t and M(i) t , respectively, are positive (negative) only if an upward (downward) price movement has persisted for some days (or some 30 minutes intervals). When and how often MONMENTUM(j,k) t and M(i) t , respectively, cross the zero line depends not only on the persistence of recent price movements but also on the lengths of moving averages and the time span i in the case of momentum models, respectively. As an example, a rule in the trend analysis knowledge base is presented below: Trend analysis observes a security price movement, times an exit and entry point, analyzes price change directions, and jumps on a trend and rides it for the purpose of making quick profits. It tries to profitably exploit the frequent occurrence of asset price trends ("the trend is your friend").Hence, this trading technique derives buy and sell signals from the most recent price movements which indicate the continuation of a trend or its reversal.
III. CASE BASE AND CASE-BASED REASONING
The process of developing an effective trading system must take into consideration the current situation and past data. History often repeats itself. Similar behaviors may occur again despite not being in the same domain or industry. Lessons learned in the past can provide useful guidance in terms of a stock price changes over time. The difference between a recent business school graduate and a seasoned securities analyst is that the former has learned everything from textbooks and knows the rules of securities analysis and trading, while the latter knows all this but in addition, has experienced up markets as well down markets. Therefore, the seasoned analyst has witnessed thousands of trading episodes which supply a rich context for recognizing and analyzing new problems.
TradeExpert employing case-based reasoning(CBR) provides a contrast to traditional expert systems and is analogous to comparing an experienced analyst to a new MBA. Being a cognitive model of human securities analysts, TradeExpert is capable of recalling similar cases seen in the past, retrieving and modifying the results of those cases and then deducing the reasoning behind those results [5] . If no solution is found, TradeExpert does not give up like a traditional expert system, instead it employs a heuristic approach in which reasoning can be guided, past experiences can be recalled, and solutions to new and similar problems can be constructed.
A case in the case base can be described as follows: A case C i represented by an object consists of a set of attributes A i , a recommendation R i made by a security analyst, a performance figure P i that measures the security's performance after the recommendation, and a list of methods that perform related computation. The attributes vector A i represents financial data and characteristics of the security under consideration. The performance value P i measures the performance of the security after recommendation in terms of the price change percentage. A methods M i is implemented by a function that provides means to access databases or updates the data of the case. The justification J i lists reasons and explanations on how and why the analyst arrived at the recommendation.
Analogical problem solving is one of the most complex techniques in human cognition. Yet, people have no difficulties in recalling similar episodes as new problems occur and applying them where appropriate. The design of similarity evaluation in TradeExpert is psychologically motivated and experimentally tested. The similarity evaluator, as shown in the system architecture diagram, consists of two parts: an external impact evaluator and a feature evaluator. The external impact evaluator is concerned with the impact of external forces on the performance of stocks and is not directly related to the fundamentals of companies, such as political pressures from the federal government, international events, or economical conditions. An example of the cases in the case base is presented below: Caused by JFK's federal policy} {METHODS: calculating industry-related data} ) In 1962, President John Kennedy declared war on steel companies blaming the higher labor cost and management. The sudden change of federal policy caused the steel stock prices to drop more than 50% in a very short period of time and remained low for months to come. This case remembers the consequences of an unfavorable drastic change in federal policy toward a particular industrial sector, and the dramatic price decline in the months ahead. In 1992, President Bill Clinton proposed a reform to national healthcare widely seen as criticism of pharmaceutical industry's practice and pricing. Consider the following pairs: presidents(John Kennedy, Bill Clinton) federal policies(against the steel industry, against the pharmaceutical industry), one could easily see the consequence of political pressure on the price of affected stocks. When given a drug manufacturer's stock, TradeExpert is able to draw inferences from its past experience and to make a SELL recommendation based on the historical lessons learned. The days that follow show the significant price decline of all pharmaceutical stocks in the next 12 to 18 months. Without the case-based reasoning mechanism, a decision support system would not be able to make such a predication since these two industry sectors are very different in terms of basic attributes, such as industry-sector, R/D spending, price-competition and long-term growth rate.
In addition to the external impact evaluator, TradeExpert also employs a feature matching process. The similarity score is determined by a combination of features in common and the relative importance, expressed by weights, of these features [6] . Formally, the feature evaluator can be described as follows. where O i is a weight assigned to the i th feature of a case. With the case-based reasoning mechanism built in, TradeExpert is able to accumulate vast and specialized expertise in the domain of stock analysis and trading, and to apply it to new situations.
A case in point is the similar price movements of casino stocks in the early 90's and internet stocks from the period of 1997-2000. Both sectors have many attributes in common, such as expected high growth rates, high P/E, daily volumes far exceeding average trading volumes, a record of betterthan-average earnings, and investors' favorable sentiments. By employing the feature similarity evaluator, TradeExpert is able to identify the upward price movements of internet-related stocks, while ignoring unbelievably high P/Es associated with them. As hot stocks in different periods of 90's, many stocks in these two sectors generated 3-digit returns in a matter of 12 months. Another example of analogical reasoning can be found in the banking sectors both in Great Depression of 30's and in Great Recession of 2007-2010. During these years, the stocks of all banks went down and stayed low for a long period of time. With regard to particular stocks, let us consider the examples of Google (GOOG) and Baidu (BIDU), a Chinese search engine. Having observed an impressive run by GOOG, it can be predicated with confidence that an IPO of BIDU would do very well considering the dominant market presence and the customer base. Indeed, Bidu actually went from $12(split adjusted) in 2005 to a high of $118 in 2011. In general, given a stock, TradeExpert searches for similar cases in the case base, establishes correspondence between past experience and the stock currently under consideration, and then transforms related experience to a recommendation for the stock.
IV. CONCLUSION
The development of TradeExpert demonstrates the effectiveness and value of using analogy in an intelligent decision support system, particularly in situations of imprecision, dynamics, or lack of perfectly-matched knowledge. The work reported in this paper discussed several important issues in the design of intelligent decision support systems, proposed and implemented solutions to these problems, and demonstrated the usefulness and feasibility of these solutions through the design of TradeExpert.
